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(54) Path protection in a telecommunications network 


(57) Path protection is provided in a transmission 
equipment or node of a synchronous network in \Arhich 
traffic is carried in virtual containers within frames. Path 
protection is provided between first and second ingress 
points and an egress point by embedding an encoded 


measure of the respective path quality within a pointer 
associated with each frame. This measure temporarily 
replaces a set of pointer bits which are subsequently re- 
generated. At the egress point the quality measures of 
the two paths are compared and the higher quality path 
is selected. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to teleconnmunications sys- 
tems or networks, and in particular to an arrangement 
and method for providing path protection in such net- 
works. 

Telecommunication systems or networks employ- 
ing synchronous, e.g. SDH or SONET transport tech- 
niques are usually provided with path redundancy or 
path protection of traffic transported across the network 
to signal processing equipment such as system nodes 
or cross connects. Path protection is a specific require- 
ment of network operators to reduce the risk of outage 
and thus ensure an uninterrupted high quality service to 
customers. Conventionally, path protection is effected 
by the provision of two independent paths across the 
network tor the traffic via respective ingress points to a 
single egress point of the processing equipment. One 
of these paths constitutes the main or normal transmis- 
sion path, and the other provides a reserve or back-up 
path in the event of failure of the main path. Each of 
these paths is monitored to determine transmission 
quality and the equipment then chooses the better of 
these paths based on the transmission quality measure- 
ment. The results of these quality measurements are 
signalled across the equipment to the egress point 
where the path having the higher transmission quality is 
selected. This technique suffers from the disadvantage 
that the measurements are most efficiently be complet- 
ed at the ingress points but the results of these meas- 
urements must then be transmitted to the egress point 
with sufficient rapidity for a decision to be made and a 
path selected. For example, the ITU/Bellcore standards 
specify a delay no greater than 50ms between the qual- 
ity measurement and the path selection point regardless 
of the number of faulty paths. With an increasing number 
of paths this can be difficult to achieve. 

SUIVIMARY OF THE INVENTION 

The object of the invention is to minimise or to over- 
come this disadvantage. 

It is a further object of the invention to provide an 
improved method of path protection in a telecommuni- 
cations network equipment or node. 

It is a further object of the invention to provide an 
improved signal processing equipment for use in a syn- 
chronous network. 

According to the invention there is provided a meth- 
od of path protecting a transmission channel carried on 
first and second paths over a synchronous network to a 
signal processing station having ingress points one for 
each said path and an egress point for output of a proc- 
essed signal, the method including adapting the channel 
at each said ingress to the local timing of the processing 
station, determining during said adaptation a measure 


of the transmission quality of each said path, embedding 
an encoded representation of the quality measurement 
within signals transmitted on the path to the egress 
point, determining at the egress point from the embed- 

5 ded encoded quality measure which of the first and sec- 
ond paths has the higher transmission quality, and se- 
lecting that path for output from the egress point. 

According to another aspect of the invention there 
is provided a method of path protecting a transmission 

10 channel earned on first and second paths over a syn- 
chronous network to a signal processing station having 
ingress points one for each said path and an egress 
point for output of a processed signal, wherein traffic on 
the channel on the first and second paths is carried in 

IS virtual containers loaded into synchronous frames, each 
said container having respective pointer bits i associat- 
ed therewith whereby to identify the position of that vir- 
tual container within the frame, the method including lo- 
cating the pointer bits each said ingress point, adapting 

20 the channel to the local timing of the processing station, 
detennining at each said Ingress point a measure of the 
transmission quality of each said path, generating new 
pointer bits corresponding to the local timing of the sta- 
tion, embedding an encoding of the measured transmis- 

2S sion quality within the new pointer bits so as to provide 
an indication of that measure on the respective path 
overhead, transmitting the channels to the egress point, 
determining at the egress point from the embedded en- 
coded quality measure which of the first and second 

30 paths has the higher transmission quality, and selecting 
that path for output from the egress point. 

According to an further aspect of the invention there 
is provided a synchronous transmission equipment for 
use in a network in which transmissbn channels are car- 

35 ried each on first and second paths, the transmission 
equipment having ingress points one for each said path 
and an egress point for output of a processed signal, 
wherein the equipment has means for adapting the 
channel at each said ingress to the local timing of the 

40 processing station, means for determining during said 
adaptation a measure of the transmission quality of 
each said path, means for embedding an encoded rep- 
resentation of the quality measurement within signals 
transmitted on the path to the egress point, means for 
determining at the egress point from the embedded en- 
coded quality measure which of the first and second 
paths has the higher transmission quality, and means 
for selecting that path for output from the egress point. 
The technique provides a comparison of the quality 

50 of two or more paths at those points in the network 
where the paths come together by embedding the qual- 
ity measure in spare capacity in each path. Decisions 
made on path quality can thus be made on comparisons 
between inputs which need not be on the same circuit 

55 card or even on the same equipment shelf. 

Conveniently, the path quality information is carried 
on the path embedded in the signal by replacing the 
pointer'ss' bits, which are used as an indication of what 
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type of administrative unit (AU) and tributary unit (TU) 
the pointer is associated with, but are not further re- 
quired within the station or node. At the egress f ronri the 
station, i.e. at the point where the two paths come to- 
gether, the replaced bits are decoded to determine 5 
which path has the higher quality, that path then being 
selected. When this selection has been effected, the ss 
pointer bits can then be regenerated before the signal 
is output from the egress of the station. Typically, the 
signal processing station comprises an SDH or SONET 
cross-connect or multiplexer/demultiplexer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention will now be de- 
scribed with reference to the accompanying drawings in 
which; 

Figure 1 Is a schematic diagram of synchronous 
communications system or network; 

Figure 2 illustrates an arrangement for path protec- 
tion within a processing station of the network of fig- 
ure 1; 

25 

Figure 3 is a schematic diagram illustrating a frame 
structure employed in the network of figure 1 ; and 

Figures 4a and 4b illustrate pointer processing or 
adaptation in the network of figure 1 and illustrate 30 
the frame structure before and after adaptation re- 
spectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 3S 

Referring to figure 1, the synchronous network de- 
picted schematically therein comprises a plurality of 
nodes generally indicated as 11 interconnected by 
transmission paths 12, typically comprising optica! 
transmission paths. The nodes may comprise e.g. 
cross-connects and multiplexer/demultiplexers. Tele- 
communications traffic is carried over the network in vir- 
tual containers, each incorporating a payload and a path 
overhead used for supervisory and control purposes. 
These virtual containers are carried within frames, gen- 
erally referred to as STM frames. 

The synchronous network standards define differ- 
ent combinations of virtual containers which can be 
used to flit the payload area of an STM frame. The proc- so 
ess of loading containers, and attaching overheads Is 
repeated at several levels resulting in the "nesting" of 
smaller virtual containers within larger ones. This proc- 
ess Is repeated until the largest size of virtual container 
(a VC-4 In Europe) is filled, and this is then loaded into 55 
the payload of the STM frame. When the payload area 
of the STM frame is full some more control information 
bytes are added to the frame to form the "section over- 


head". The section overhead bytes are so-called be- 
cause they remain with the payload for the transmission 
path between two synchronous multiplexers. Their pur- 
pose is to provide communication channels for functions 
such as OA&M (operations, administration and mainte- 
nance) facilities, user channels, protection switching, 
section performance, frame alignment and a number of 
other functions. 

In a synchronous network, alt equipment is synchro- 
nised to an overall network clock. It is Important to note, 
however, that the delay associated with a transmission 
link may vary slightly with time. As a result, the location 
of virtual containers within an STM frame may not be 
fixed. These variations are accommodated by associat- 
ing a pointer with each virtual container. The pointer in- 
dicates the position of the beginning of the virtual con- 
tainer in relation to the STM frame. It can be increment- 
ed or decremented as necessary to accommodate 
movements of the position of the virtual container within 
the frame. 

An SDH or SONET transport signal contains a 
number of paths, where paths normally contain userda- 
ta. The various standards support the transport of extra 
data in association with these paths (the path over- 
head), which permit equipment to measure the quality 
of the path, e.g.; is it the correct path, have any errors 
occurred to the path data. etc. The equipment can use 
these quality measures to perform functions such as 
protection switching, in which the equipment is present- 
ed with a choice of (usually) two paths which have ar- 
rived via different routes. The equipment then chooses 
the best path from one of the routes for local termination 
or forwarding to other equipment. 

Path protection of transmitted traffic In the network 
of figure 1 is provided by setting up main and standby 
transmission paths between network nodes Thus, for 
example, traffic between nodes 1 1 a and lib can be car- 
ried over the route comprising paths 12a and 12b or over 
the route comprising the path 1 2c. The signalling quality 
of the two transmission paths is monitored and, in the 
event that the quality of the main path falls below that 
of the reserve path, the reserve path is preferentially se- 
lected at the node 1 1 b. This ensures that effective trans- 
mission is continued even in the event of complete fail- 
ure of one or other of the two paths. 

Referring now to figure 2, this shows in schematic 
form the construction of a network node in the network 
of figure 1 . The node incorporates first (21 ) and second 
(22) ingress line cards for receiving traffic carried across 
the network on the main and reserve paths respectively, 
and an egress line card 23 for outputting traffic from the 
node. For clarity, the internal signal processing equip- 
ment, e.g. multiplexing/demultiplexing equipment, dis- 
posed between the ingress and egress nodes is not de- 
scribed and only those portions of the node essential to 
the understanding of the invention are shown. 

When a signal Is received by a synchronous trans- 
port equipment, the signal is adapted to the timing of 
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that equipment. This adaptation function (for example 
SDH G. 783 Multiplex Section Adaptation and HigherOr- 
der Path Adaptation) usually known as 'pointer process- 
ing' is conveniently performed at equipment entry points 
which may be circuit cards or input shelves. The pointer 
processing gives rise to basic path quality measures in 
that total failures are identified which result in the path 
being declared AtS (the regenerated pointer is set to all 
1 s). We employ the same processing at this point to 
examine path overhead and determine other quality 
measures which include; correct Path Signal Label, 
Path Trace, Bit error rate and payload defect indicator. 

At each ingress line card 21 , 22, the incoming opti- 
cal carrier is detected and demultiplexed to recover the 
transmission channel. The channel is then adapted via 
adaptation function 24 to the local clock of the node. The 
adaptation function involves location of the payload us- 
ing the incoming pointer. This also provides a check for 
basic faults such as path A1 S, or loss of the pointer. In 
addition, because the payload is being located, this is a 
convenient point at which to check the path overhead 
for performing a quality measurement. 

The adaptation process uses the pointer to deter- 
mine the position of the path overhead (POH) within the 
frame so as to recover the signal label, the path trace 
and the bit interleaved parity (BIP). The signal label and 
path trace are compared with predetermined values to 
identify potential errors. The BIP is compared with a val- 
ue computed from a previous frame to identify parity er- 
rors. In this way a measure of the path quality is ob- 
tained, the fewer the errors the higher the quality of the 
path. 

The adaptation function generates a new pointer 
corresponding to the local equipment timing and which 
points to the located payload. Because this pointer is 
generated locally, it is known to be either error-free or 
deliberately set "AIS", i.e. to all ONEs in response to 
gross incoming errors. Once adaptation has been 
achieved, the ss bits become redundant within the node 
and their position can thus be utilised to carry the path 
quality information over the path within the node to the 
point at which the main and reserve paths come togeth- 
er. The result of the path quality measurement is encod- 
ed on the path overhead in the position previously oc- 
cupied by the ss bits of the pointer. This path quality in- 
formation thus travels with the signal by being incorpo- 
rated within the pointer. The signal quality of a path may 
thus be readily determined at various points within the 
node. If the signal has been found to fail at any such 
point, the path can be set *AIS', i.e. the pointer bits are 
all set to ONE, so as to overwrite the incorporated quality 
value bits and give the correct signal fail indication. 

At the egress line card 23 the path quality bits on 
the two paths are decoded and compared via compara- 
tor 25 which determines which of the paths displays the 
higher quality. That path is then selected by switch 26 
controlled by the comparator 25. The path quality bits 
on that path are then overwritten with regenerated ss 
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bits by circuit 27 before the signal is output from the 
node, the required values for the regenerated ss bits be- 
ing known. 

Figure 3 illustrates a typical STM frame structure 
containing inter alia a VC-4 virtual container incorporat- 
ing an AU-4 pointer to the path overhead (POH) of a 
VC4 virtual container. The pointer indicates the begin- 
ning of the virtual container within the frame. This virtual 
container may be unstructured or TUG (tributary unit 
group) structured The first byte of the pointer comprises 
a set of four NDF bits followed by two ss bits and two ID 
bits. In the event that these pointer bits are all set to 
ONE, this, as discussed above, indicates a path failure. 
Where the NDF bits are not alt ONEs, this indicates that 
the path has not been disabled and the replaced values 
in the ss bit position provide an indication of the meas- 
ured path quality as shown in Table 1 below. 

Table 1 


NDF 

SS 

ID 

PATH CONDITION 

1111 

1 1 

1 1 

AIS 

not all 1 

1 1 

not all 1 


not all 1 

1 1 

not all 1 

Average 

not all 1 

01 

not all 1 


not all 1 

00 

not all 1 

Good 


Referring now to figures 4a and 4b, these illustrate 
the manner in which adaptation or pointer processing 
generates new pointers corresponding to the local 
equipment timing. Adaptation may be performed at one 
or two levels referred to as higher and lower order. Fig- 
ure 4a illustrates higher order adaptation and figure 4b 
illustrates lower order adaptation 

Referring first to figure 4a which illustrates the high- 
er order or section adaptation process, an incoming 
frame 41 is first located in time using the framing pattern 
to find the start of the frame. This timing location of the 
frame defines the time position of the pointer which 
points to the payload. This payload can then be provided 
with a new path overhaed based on the equipment tim- 
ing so as to provide an adapted frame 41a. The new 
path overhead incorporates a regenerated pointer 
which points to the payload whose position has been 
precisely determined in the section adaptation process. 
It is this regenerated pointer that incorporates the en- 
coded path quality information in the position normally 
reserved for the ss bits. 

Figure 4b illustrates lower order adaptation which 
is employed where lower order paths are being proc- 
essed. The process is similar to ths section adapation 
process described above, but here the frame timing has 
already been determined and the path overhead of the 
higher order frame thus relates to the equipment timing. 
The lower order pointer in the path overhead of the 
adapted frame 41a is used to identify the position of the 
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required virtual container 42, e.g. a VC1 container. This 
vitual container is extracted and is provided with suitable 
overhead information to generate a lower order frame 
43. 

It will be understood that although the path protec- 
tion technique has been described above with particular 
reference to the SDH (synchronous digital hierarchy) 
protocol, it is in no way limited to use with that protocol 
but is ot general application to synchronous transmis- 
sion systems. 
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3. A method as claimed in claim 2, characterised in 
that the quality measure is embedded in the pointer 
by replacement of a set of pointer bits relating to an 
administrative unit and tributary unit with which the 
pointer is associated. 

4. A method as claimed in claim 2 or 3, characterised 
in that the encoded quality measure is embedded 
by generation of a replacement pointer. 

5. A method as claimed in claim 3, characterised in 
that said set of pointer bits are regenerated to their 
original values prior to output from the egress point. 


1 . A method of path protecting a transmission channel 
carried on first and second paths over a synchro- 
nous network to a signal processing equipment 
having ingress points one for each said path and an 
egress point for output of a processed signal, the 
method including adapting the channel at each said 
ingress to the local timing of the processing station, 
determining during said adaptation a measure of 
the transmission quality of each said path, embed- 
ding an encoded representation of the quality 
measurement within signals transmitted on the path 
to the egress point, determining at the egress point 
from the embedded encoded quality measure which 
of the first and second paths has the higher trans- 
mission quality, and selecting that path for output 
from the egress point. 

2. A method of path protecting a transmission channel 
carried on first and second paths over a synchro- 
nous network to a signal processing equipment 
having ingress points one for each said path and an 
egress point for output of a processed signal, 
wherein traffic on the channel on the first and sec- 
ond paths is carried in virtual containers loaded into 
synchronous frames, each said container having 
respective pointer bits associated therewith in the 
frame so as to identify the position of that virtual 
container within the frame, the method including lo- 
cating the respective pointer bits at each said in- 
gress point, adapting the channel to the local timing 
of the processing station, determining at each said 
ingress point a measure of the transmission quality 
of each said path, generating new pointer bits cor- 
responding to the local timing of the station, embed- 
ding an encoding of the measured transmission 
quality within the new pointer bits so as to provide 
an indication of that measure on the respective path 
overhead, transmitting the channels to the egress 
point, determining at the egress point from the em- 
bedded encoded quality measure which of the first 
and second paths has the higher transmission qual- 
ity, and selecting that path for output from the 
egress point. 


15 6. 


20 


A synchronous transmission equipment for use in a 
network in which transmission channels are carried 
each on first and second paths, the transmission 
equipment having ingress points one for each said 
path and an egress point for output of a processed 
signal, wherein the equipment has means for adapt- 
ing the channel at each said ingress to the local tim- 
ing of the processing station, means for detemnining 
during said adaptation a measure of the tranwnis^ 
sion quality of each said path, means for embedding 
25 an encoded representation of the quality measure- 
ment within signals transmitted on the path to the 
egress point, means for determining at the egress 
point from the embedded encoded quality measure 
which of the first and second paths has the higher 
transmission quality, and means for selecting that 
path for output from the egress point. 

A synchronous transmission equipment as claimed 
in claim 6, characterised in that said embedding 
means comprises means for generating a replace- 
ment pointer containing said encoded quality meas- 
ure. 
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A synchronous transmission equipment as claimed 
in claim 7 and comprising a synchronous multiplex- 
er/demultiplexer. 


A Synchronous transmission network in which 
transmission channels are carried each on first and 
second paths over a synchronous network to a sig- 
nal processing equipment having ingress points 
one for each said path and an egress point for out- 
put of a processed signal, wherein traffic on the 
channel on the first and second paths is carried in 
virtual containers loaded into synchronous frames, 
each said container haying respective pointer bits 
associated therewith whereby to identify the posi- 
tion of that virtual container within the frame, where- 
in the signal processing equipment incorporates 
55 means for locating the pointer bits at each said in- 
gress point, timing adaptation means for adapting 
the channel to the local timing of the processing sta- 
tion, means for determining at each said ingress 
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point a measure of the transmission quality of each 
said path, means for generating new pointer bits 
corresponding to the local timing of the station, 
means for embedding an encoding of the measured 
transmission quality within the new pointer bits so s 
as to provide an indication of that measure on the 
respective channel overhead, and means for deter- 
mining at the egress point from the embedded en- 
coded quality measure which of the first and second 
paths has the higher transmission quality and for 
selecting that path for output from the egress point. 
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